Quantitative Determination of Serum Triglycerides by the Use of Enzymes Giovanni Bucolo and Harold David
We describe a novel method for determining serum triglycerides, in which an enzymatic hydrolysis replaces the more commonly used saponification procedure. Under the conditions of the assay, the enzymatic hydrolysis can be completed in less than 10 mm by the combined action of a microbial lipase and a protease. We have been able to demonstrate complete hydrolysis of triglycerides by thin-layer chromatography of the reaction products, by recovery of glycerol from sera of known triglycerides content, and by comparison of triglyceride assays on a number of sera assayed by our method vs. the AutoAnalyzer procedure.
The hydrolysis is directly coupled to the enzymatic determination of glycerol, and is followed through absorbance changes at 340 nm. The assay is simple, rapid, and requires only 50 tl or less of sample.
Because the enzymes used do not release glycerol from other compounds in serum, the hydrolysis can be considered specific for triglycerides. M x 23.7 = mg glycerol in 100 ml of serum; LA x 228 = mg glycerol in 100 ml of serum, expressed as triolein.
Reagents and Procedures

Triglycerides in Serum
A. Enzymatic hydrolysis.
To 3 ml of triglycerides reagent
in a cuvet with a 10-mm light path, add 50 cl of serum, mix, and incubate at 30#{176}C for about 10mm.
2. Read the absorbance (A0) of the sample at 340 nm, with distilled water as a blank. Add 50 l of glycerol kinase, mix, and incubate at 30#{176}C. 3. Read the absorbance at 340 nm 10 mm (A10) after the addition of glycerol kinase. 4. Obtain &4 by subtracting A10 from A0.
Calculations:
.A X 883 = mg triglycerides in 100 ml of serum, expressed as triolein. B. Alkaline hydrolysis.
1. Into a screw-capped culture tube, pipet 0.2 ml of serum and 0.5 ml of potassium hydroxide solution, mix, cap the tube and place it in a water bath at 60#{176}-70#{176}C for 30 mm. Cool to room temperature.
2. Add 1 ml of magnesium sulfate solution, mix, and centrifuge.
Use the clear supernatant fluid in the following assay.
3. To 2.5 ml of the glycerol reagent in a cuvet with a 10-mm light path, add 0.5 ml of supernatant fluid (from step 2), incubate for 5 mm at 30#{176}C, and read the absorbance (A0) of the sample at 340 nm, with distilled water as a blank.
4. Add 50 tl of glycerol kinase solution.
Mix and incubate at 30#{176}C. Read the absorbance 10 mm (A10) after the addition of glycerol kinase. 5. Obtain A by subtractingA1o from Ao. 6. Calculations:
Corrected M x 738 = mg triglycerides in 100 ml of serum, as triolein. The potassium perchlorate was removed by centrifugation and the glycerol in the supernatant fluid was assayed as described.
Results and Discussion
The We found that there was generally a poor relationship between the specific activity of lipases as measured by titration of fatty acids, by the measurement of glycerol ( Figure  1 ) produced from a olive oil emulsion, and by the concentration of enzyme required for complete hydrolysis of triglycerides. These parameters would be more directly related in a highly purified enzyme preparation; such a preparation is not required in our assay and would be very costly. For this reason, the amount of lipase needed per assay must be optimized in every new preparation; for R. delemar lipase, this amount varied between 100 and 400 U.
The glycerol reagent, even though based on a published procedure (3), was modified to perform in combination with the hydrolyzing enzymes. The course of events that guided us during this development is represented in Figure 5 , which shows patterns of absorbance changes at 340 nm during the assay. When a-chymotrypsin is added to the assay with and without lipase ( Figure  5 , B, D, F, G) the serum clears, as indicated by a rapid initial fall in absorbance, which is barely visible at the beginning of the charts. This is a common phenomenon, observed to varying degrees with many samples, but more evident with lipemic samples.
In one experiment, 200 l of lipemic serum was added to the glycerol reagent supplemented with 30 U of a-chymotrypsin.
.A, at 340 nm, before addition of glycerol kinase was 0.5; the change in the absence of a-chymotrypsin was negligible. The same clarification takes place with lipase alone (Figure 5, E) , but after an initial lag period. In the absence of bovine serum albumin, turbidity develops in the system after the initial phase of clearing ( Figure 5, F) , as indicated by a slow increase in absorbance before the glycerol kinase is added.
The absence of turbidity when albu- This was the principal reason for adding this protein to the reagent.
The blank rate generated in the assay is due to phosphatases acting on PEP and ATP. The major sources of these contaminants are lipase, glycerol kinase, and possibly the sample itself.
The A solution containing 1 g of triolein in 100 ml of 2-propanol can also be used. Aliquots of 5, 10, and 15 l of this solution will give a decrease in absorbance equivalent to that obtained by using 50 l of serum containing, respectively, 100, 200, and 300 mg triglycerides in 100 ml. This will serve as a control for the hydrolyzing enzymes as well as for the glycerol reagent.
We prefer to use a serum control standardized by assay of glycerol after alkaline hydrolysis or by the AutoAnalyzer procedure. Three serum pools were assayed on 10 different days by the present method.
The results appear in Table 3 .
Other methods for determining glycerol liberated in the hydrolysis of triglycerides are currently under investigation.
In general, they are not as convenient as the one presented here because in most cases additional steps are required, and they do not lend themselves as readily to the use of a single reagent. 
